Background/Objective: This study aims to examine the relationship between weather changes and acute aortic events in a subtropical territory. Methods: A linear regression analysis was performed in a pan-territory epidemiological survey for a period of 10 years on the impacts of meteorological factors (ambient temperature, atmospheric pressure, relative humidity, amount of cloud, rainfall, number of lightning strikes, presence of typhoon, and thunderstorm warning) on the daily incidences of acute aortic dissections and ruptured aortic aneurysms. Meteorological variables were retrieved on a daily basis from a well-established observatory, and the daily incidences of aortic dissections and rupture of aortic aneurysms were retrieved from the Clinical Data Analysis and Reporting System. Results: During the study period (January 2005 to December 2014), 3878 patients were identified as having acute aortic dissections, and 1174 patients had ruptured aortic aneurysms. Corresponding averaged daily incidences were 1.06 and 0.32, respectively. The incidences of aortic dissection and ruptured aortic aneurysm in a day could be predicted by ambient temperature in degrees Celsius using the following linear regression models: (1) incidence of aortic dissection Z 1.548 À 0.021 Â temperature; (2) incidence of ruptured aortic aneurysm Z 0.564 À 0.010 Â temperature. In addition, both high atmospheric pressure and absence of thunderstorm warning are positively associated with more aortic dissections. For rupture of aortic aneurysms, high atmospheric pressure and low relative humidity were positive predictors. In multiple regression analysis, however, ambient temperature was the only significant predictor for both acute aortic dissections and ruptured aortic aneurysms.
Introduction
Many studies have reported an association between cold weather and incidence rate of acute cardiovascular events such as myocardial infarction 1e14 or cerebrovascular accidents. 15e24 Several publications have demonstrated seasonal variation in acute aortic events such as aortic dissection 25e27 and rupture of aortic aneurysm. 28e32 However, these observatory studies were conducted almost exclusively in countries with severe winter conditions, and to date there are no such studies in countries with subtropical climates.
This study was based on a pan-territory survey conducted for a period of 10 years in Hong Kong, in a subtropical territory where summer and winter seasons are distinct. In the study setting, the use of household heater is not common and people are exposed to the true ambient atmospheric weather. Hong Kong is one of the most densely populated areas in Southeast Asia with 7.4 million people concentrated in 1104 km 2 (426 mi 2 ), equating to an overall population density of about 6300 people/km 2 of land, 93.6% of whom are ethnic Han Chinese. 33 There is usually little variation in meteorological factors across our small territory. Hong Kong has a world-renowned reliable and accurate observatory, established in 1883, which maintains well-documented, meticulous daily meteorological dataset. 34 Hong Kong also has in service a dedicated, reliable Pan-territory electronic registry containing data on patients' morbidity and mortality due to acute aortic events over a long period. The clinical management system (CMS) and electronic patient record (ePR), built in-house since 1991 in all the public hospitals, store essential clinical data of more than 7 million patients who attended our public hospitals.
This 10-year population-based longitudinal study is the first pan-territory survey to examine the influence of meteorological variables on acute aortic events (acute aortic dissection and ruptured aortic aneurysms) in a subtropical territory.
Methods

Collection of meteorological data
The Hong Kong Observatory has an accurate and reliable electronic meteorological database, which is readily available to the public through their website. 34 From this database, data on meteorological factors such as maximum ambient temperature ( C), mean temperature ( C), minimum temperature ( C), atmospheric pressure (hPa), mean relative humidity (%), mean amount of cloud (%), number of lightning strokes, typhoon signal warning (Yes or No), and thunderstorm signal warning (Yes or No) are available on a daily basis. Retrieved data were tabulated electronically onto an SPSS spreadsheet (IBM SPSS statistics, version 22.0) on a daily basis.
Collection of clinical data on acute aortic events
For the purpose of this study, we divided acute aortic events into either acute aortic dissections or ruptured aortic aneurysms. From a centralized public health care (computerized) database of Hong Kong public hospitals (the CMS and ePR, and data extracted from the Clinical Data Analysis and Reporting System), data on regional daily incidence of (1) aortic dissection, (2) The precise number of events occurring each day was then entered electronically onto an electronic spreadsheet. Thus, we have data on both the meteorological factors and the incidence of acute aortic events within every single day in the study period.
Statistical analysis
Data were analyzed on a daily basis from 00:00 AM to 23:59 PM. Meteorological factors were used as predictors of acute aortic events. The incidences of aortic dissections and ruptured aortic aneurysms were regarded as event outcomes.
A linear regression model was built using mean ambient temperature, atmospheric pressure, relative humidity, amount of cloud, number of lightning strokes, and presence or absence of typhoon signal warning or thunderstorm signal warning as independent variable and incidence of acute aortic events as dependent variables. The correlation coefficient (R) indicated the direction of correlation (positive or negative) between the two variables; correlation of determination (R 2 ) measured the amount of variability in one variable that was shared by other; and the F ratio measured how much the model improved the prediction of the outcome compared with the level of inaccuracy. 35 Factors that significantly predicted incidence of acute aortic events were subjected to multiple regression analysis.
In addition, we investigated the temperature parameters as predictors of event outcome. Temperature parameters included maximum ambient temperature, mean ambient temperature, minimum ambient temperature, mean temperature 1 day before, mean temperature 2 days before, difference in temperature compared with 1 day before, difference in temperature compared with 2 days before, percentage change in temperature compared with 1 day before, percentage change in temperature compared with 2 days before, and diurnal variation (maximum temperature À minimum temperature). Each temperature parameter was tested with linear regression to evaluate which parameter was the best predictor.
Statistical analysis was performed using SPSS version 22.0. A p value of 0.05 was considered to be statistically significant.
Results
During the 10-year study period (January 1, 2005, to December 31, 2014), there were 5052 acute aortic events: 3878 acute aortic dissections, of which 288 underwent surgery, and 1174 ruptured aortic aneurysms, of which 631 underwent surgery (Figures 1 and 2) . The averaged daily incidences of aortic dissection and ruptured aortic aneurysm were 1.06 and 0.32, respectively.
Seasonal variations of acute aortic events
The climatic patterns of Hong Kong is summarized in Figure 3 . Hong Kong has distinct seasons of a cool and dry winter from November to February, and a hot and humid summer from May to August. There was a clear seasonal difference in the incidences of aortic dissection and ruptured aortic aneurysm. More occurrences were observed in winter months and fewer occurrences in summer months. The averaged daily incidences of aortic dissection were 1.20, 1.09, 1.09, 0.98, 0.94, 0.97, 0.94, 0.98, 1.01, 1.09, 1.11, and 1.34 in January, February, March, April, May, June, July, August, September, October, November, and December, respectively [analysis of variance (ANOVA) p < 0.001; Figure 4 ]. The averaged daily incidences of ruptured aortic aneurysm were 0.42, 0.32, 0.34, 0.33, 0.23, 0.25, 0.30, 0.31, 0.32, 0.29, 0.35, and 0.41 in January, February, March, April, May, June, July, August, September, October, November, and December respectively (ANOVA p < 0.001; Figure 5 ). Season wise, the averaged daily incidences of aortic dissection were 1.22, 1.01, 0.96, and 1.07 in winter, spring, summer, and autumn, respectively (ANOVA p < 0.001; Figure 6 ). The averaged daily incidences of ruptured aortic aneurysm were 0.38, 0.30, 0.29, and 0.32 in winter, spring, summer, and autumn, respectively (ANOVA p < 0.001; Figure 7 ).
Temperature as predictor of acute aortic events
The incidence of aortic dissection and ruptured aortic aneurysm in a day could be predicted by ambient temperature in degrees Celsius using the following linear regression models: Influence of meteorological factors on acute aortic events Both slopes were negative, indicating that the higher the temperature, the lower the incidence. We can therefore predict the number of cases of aortic dissection or ruptured aortic aneurysm in 1 day given the specific temperature of that day. For example, at 0 C, the predicted daily incidence of aortic dissection is 1.55. For every 10 C increase, the incidence drops by 0.21. At 30 C, the daily incidence of aortic dissection is 0.92 (Equation 1).
Similarly, at 0 C, the predicted daily incidence of rupture of aortic aneurysm is 0.56. For every 10 C increase, the incidence drops by 0.10. At 30 C, the daily incidence of ruptured aortic aneurysm is 0.26 (Equation 2).
Other meteorological factors as predictors
In a similar fashion, mean atmospheric pressure (hPa), mean relative humidity (%), mean amount of cloud (%), number of lightning strokes, presence or absence of typhoon signal warning, and presence and absence of thunderstorm signal warning were analyzed using the linear regression models.
High atmospheric pressure and absence of thunderstorm warning were positively associated with increased incidence of acute aortic dissection in univariant analysis (linear regression: R Z 0.093, R 2 Z 0.009, F Z 31.52, p < 0.001 and R Z À0.043, R 2 Z 0.002, F Z 6.69, p Z 0.010 for atmospheric pressure and thunderstorm warning, respectively). In the case of ruptured aortic aneurysms, high atmospheric pressure and low relative humidity predicted increased occurrence of ruptured aortic aneurysms (linear regression: R Z 0.081, R 2 Z 0.007, F Z 24.22, p < 0.001 and R Z À0.037, R 2 Z 0.001, F Z 5.08, p Z 0.024 for atmospheric pressure and relative humidity, respectively; Table 1 ). In multiple regression analysis, however, ambient temperature was the only single significant predictor for both aortic dissection and ruptured aortic aneurysm (Tables 2 and 3 ).
Which temperature parameters best predict acute aortic events?
Among all the temperature parameters, mean ambient temperature best predicted aortic dissection, whereas 
Discussion
To our knowledge, this is the first study to evaluate the effects of common meteorological parameters on the occurrence of acute aortic events in a subtropical territory. In particular, through the univariate analysis, it was found that temperature, pressure, and thunderstorm warning parameters were statistically associated with acute aortic dissection, and that temperature, pressure, and relative humidity parameters were statistically associated with aortic aneurysm rupture. Results of multivariate analysis indicated that only the ambient temperature was associated with these acute aortic events. This finding was rational after careful consideration of the climate pattern. Cold winter months in our territory were associated with high atmospheric pressure and lack of rainfall and thunderstorm, whereas hot summer months are associated with low atmospheric pressure and high humidity (Figure 3 ). Pearson correlation indicated that the ambient temperature was negatively correlated with atmospheric pressure (R Z À0.836, p < 0.001), and positively correlated with both relative humidity (R Z 0.235, p < 0.001) and total rainfall (R Z 0.131, p < 0.001). By multiple linear regression analysis, these covariate factors were excluded, leaving only ambient temperature as the single predictor of acute aortic event. The territory of Hong Kong is small with Figure 8 Incidence of aortic dissection in different temperature.
Figure 9
Incidence of ruptured aortic aneurysm in different temperature. À0.001 0.001 À0.019 0.312 a total area of 1054 km 2 , yet it is heavily populated with a population of 7.4 million, 98% of whom are Han Chinese. Climate wise, Hong Kong has four seasons: a cool and dry winter and a hot and humid summer. In the winter, the temperatures hover between 15 C and 19 C and the coldest months are December and January with temperatures sometimes dropping below 10 C. Atmospheric pressure is usually high in winter months. The summer weather is hot, humid, and unstable, with thunderstorms and showers, and temperatures exceeding 30 C. Atmospheric pressure is usually low with occasional attacks of low-pressure tropical cyclone or even typhoon. 34 To date, the etiology of an acute aortic dissection and aneurysm rupture is poorly understood. It was thought that the moment of dissection could be precipitated by a sudden change of higher-than-normal blood pressures, and that changes in atmospheric pressure and temperature may contribute to this. 36 The interaction between climate, temperature, and blood pressure is complex, 37 and the rise in diastolic blood pressure secondary to the exposure to cold is reported to be a well-known physiological response caused by sympathetic reactivity. 38 In a small prospective cross-seasonal study involving 25 healthy elderly and 21 young volunteers in England, Goodwin et al 39 found that the ambulatory daytime blood pressures in the elderly individuals were higher in the winter than in the summer and higher in both seasons than in the young people. The seasonally related differences were particularly associated with lower outdoor and indoor temperatures, lower body temperature, and higher activity levels in the elderly group in the winter. Exposure to cold temperature leads to vasoconstriction and tachycardia, both of which contributed to increased blood pressure and cardiac load. 40 Short-and long-term exposure to the cold weather tends to increase central aortic blood pressure and cardiac workload, especially in untreated hypertensive middle-aged men. 41 Guinea et al 42 reported a temperature-induced mechanical stress in rabbits at the plaqueevessel interface, which could be enough to promote plaque rupture. 42 Cold-induced hypertension and plaqueevessel interface stress may be the cause of acute aortic events in winter.
The risk of adverse cardiovascular health effects attributable to cold temperatures seems to depend on the average annual temperature: for example, the Eurowinter Group found that, in cold periods, coronary event rates increased more in populations living in warm climates than in populations living in cold climates. 1 This observation was similar to winter mortality resulting from cerebrovascular disease, respiratory disease, and all other causes. 43 It was suggested that people in colder regions took more precautionary measures to outdoor temperature and they had the infrastructure, clothing, and knowledge to deal with cold weather. Thus, it is necessary to promote ways of keeping warm on cold days in subtropical warm regions like Hong Kong, where use of household heater is rare and residents lack the relevant knowledge. Whether promoting public awareness lessens the disease burden of acute aortic events could be a useful study topic in future. By contrast, cardiologists and vascular surgeons should be vigilant in combating acute aortic events in winter months as our study showed a clear surge in incidence rate. There are of course limitations to our study. A prospective interpretation of retrospectively collected clinical data may have flaws. This study was based on hospital admissions and on the presumed accurate electronic data entry of the diagnosis. Patients who died of their acute aortic events may not have full autopsy examination to pinpoint the precise cause of death, or there may be misdiagnosis. Other acute aortic events leading to out-ofhospital deaths may not have been included.
Conclusion
This 10-year population-based longitudinal study is the first pan-territory survey to show an attributable effect of meteorological variables on acute aortic events. Although other health care variables also played an important part in triggering acute aortic events, this study highlighted the need for greater awareness in aortic disease prevention, particularly in advising the elderly population to keep warm during the cold season.
